Skeletal abnormalities consisting of shortened long bones, enlarged joints and splayed front feet in newborn calves were associated with cows fed apple pomace supplemented with nonprotein nitrogen (NPN) during late gestation.
I NTRODUCTION
When the nutrition of beef cows during late gestation affects the survival, growth and development of calves produced, the efficiency, and indeed the economic survival of the producer, will be jeopardized. Fontenot et al. (1977) reported increased incidence of stillbirths and increased mortality of calves from cows fed apple pomace supplemented with nonprotein nitrogen (NPN). The description of skeletal 1Department of Animal Science, Virginia Polytechnic Institute and State University.
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EXPERIMENTAL PROCEDURE
Calves in this study were from cows whose feed intake and performance were reported by Fontenot et al. (1977) . Procedures used for that study are repeated briefly here for convenience.
Trial 1. During the winter feeding period 1967 to 1968, a factorial arrangement of randomized blocks was used to combine two silages and four supplements as follows: Corn silage and wet apple pomace, each, were supplemented with four nitrogen sources: cottonseed meal, urea, biuret, and the combination of urea and biuret. Twenty-four pregnant and 16 nonpregnant cows were fed for about 12 weeks prepartum and 12 weeks postpartum. Twentyone calves were born.
Trial 2. Apple pomace was fed at two levels, the low level was that observed in trial 1 when supplemented with NPN, and a high level that met N.R.C. (1964) requirements for energy (TDN). When feed was refused, its estimated energy content was fed as corn meal at the next feeding. Nitrogen supplements were: 1)cottonseed meal, 2) cottonseed meal and corn meal with urea and 3) corn meal with urea. Thirtytwo pregnant cows were fed and 31 calves were born.
Trial 3. Three variables were studied in a semi-purified diet designed to simulate apple pomace. Corn silage was fed in combination with corn starch or corn oil, cottonseed meal or corn-urea, and with or without a pesticide premix. Forty-eight pregnant cows were fed, and 40 calves were born.
Trial 4. Twenty-two cows were fed apple pomace supplemented with cottonseed meal or corn-urea. Eleven calves were born to cows fed cottonseed meal, and 11 were born to cows fed corn-urea.
From the 114 calves in four trials, anatomical data were obtained from 86 calves in trials 2, 3 and 4.
Skeletal Measurements. A portable x-ray machine was used to make radiographic films of calves at birth, or within 3 days. Machine capacity was 15 ma and 80 kilovoltage peak (kvp), operable from llO-volt current. Conventional x-ray casettes, 25.4 by 30.5 cm, with intensifying screens were used, with a film-totube distance of 63.5 cm for all exposures. Time of exposure was varied according to size of calf.
Anatomical site, physical aspect and typical settings used for a 30 kg calf were: left metacarpus, antero-posterior view, 65 kvp and 2 ma sec (mas); lumbar vertebrae, lateral aspect, 80 kvp and 6 mas; and cranium, lateral aspect, 80 kvp and 6 mas. A Lysholm grid was used in conjunction with lumbar films.
Linear measurements of length, width and thickness of parts or combinations of bones or of distances between certain bones were made from the x-ray films of each calf. Anatomic landmarks for these measurements were selected for their potential biolgoical significance and for clarity and consistency in their radiographic expression.
Anatomical sites and linear measurements, cm, for the metacarpus (see figure 2) were:
Ll, vertical distance from the distal epiphysis of the radius to the proximal epiphysis of metacarpus 4. Lu, from the proximal epiphysis of metacarpus 4 to the epiphyseal plate at the distal end of the metacarpus. L3, from the epiphyseal plate at distal end of the metacarpus to distal edge of the first phalanx. Wl, width of the cartilage matrix of the carpus through the center of the knee, i.e., through the radial, intermediate and ulnar carpals. W2, width of the proximal epiphysis of the metacarpus. Wa, width, minimum, of metacarpus, about midway between proximal and distal edges of metacarpals 3 and 4. W4, width of distal epiphysis at the epiphyseal plate.
Ws, width of foot at the joint between the metacarpus and the first phalanx.
Measurements, cm, for the lumbar vertebrae (see figure 3 ) were:
L4, dorso-ventral length of the anterior epiphyseal plate of second lumbar vertebra. W6, distance between the epiphyseal plates of the third and fourth lumbar vertebrae.
Ossification of the carpal bones was estimated from tracings of their radio-opaque images in the x-ray pictures taken at birth. The tracings were then cut out, oven-dried and weighed to the nearest milligram.
The x-ray measurement data were classified by sex and diet. Data were analyzed statistically according to the method of least squares (Snedecor and Cochran, 1967) . Each of the skeletal measurements was a reflection of general size. To remove general size differences in comparisons of skeletal measurements among diets, birth weight was used as a covariate in the least squares analyses. Figure 1 shows the lateral aspect of a stillborn female Angus calf of 13.2 kg at birth, believed to have been full term. The dam was fed apple pomace supplemented with corn-urea, trial 1. The photograph illustrates the shortening of the metacarpus, enlarged knee joints, a splayed front foot and prognathism. Figure 2 shows the antero-posterior view of the left metacarpus-a normal calf above, an abnormal calf below. The upper film also shows the metacarpal measurements of length and width obtained from calves in trials 2, 3 and 4, and described earlier.
RESULTS AND DISCUSSION
The lower film in figure 2 is from the stillborn calf shown in figure 1. It shows distinct shortening of the metacarpus, an enlarged knee joint and clearly delayed ossification of carpals and phalanges. Figure 3 shows the lateral aspect of the lumbar vertebrae, including caudal thoracic vertebrae and ribs-normal calf above, abnormal calf below. The upper film also shows the single measurements of length and width of the lumbar vertebrae used in this study.
The lower film in figure 3 is from a stillborn Shorthorn female, 12.2 kg at birth, apparently full term. Its dam was fed apple pomace supplemented with corn-urea and biuret, trial 1. Vertebral epiphyses are barely radio-opaque, a clear indication of delayed skeletal development. Further, the ventral surfaces of both the lumbar and thoracic vertebrae show mild wrinkling, or slight extrusions, much like those reported by Emmerson and Hazel (1956) in studies of hereditary dwarfism. Figure 4 shows the lateral aspect of t h e cranium of a normal male calf of 31.8 kg at birth, trial 2. Its dam was fed apple pomace at the high energy level supplemented with cottonseed meal. No remarkable features appear. Figure 5 shows the lateral aspect of the cranium of a stillborn male calf of 9.1 kg at birth. Its dam was fed apple pomace at the high energy level supplemented with corn-urea, trial 2. The bulge in the forehead was grossly evident, but less severe than in typical cases of hereditary hydrocephalus (Blackwell et al., 1959). In our study, the physical expression of the hydrocephalic condition was widely variable. For this reason, and because of difficulties in getting readable x-ray plates free of rotation Figure 5 . Lateral aspect of cranium of stillborn calf, birth weight 9.1 kilograms. and motion, a clear relationship between the calves' cranial structure and their dams' diets could not be established.
In tables 1, 2 and 3 are results of analyses of the x-ray measurement data from calves in trials 2, 3 and 4, respectively. Means and standard errors are from least squares analyses unadjusted for regression on birth weight. Also shown in parentheses in these tables are levels of statistical significance that resulted from use of birth weight as a covariate.
No single x-ray measurement trait showed consistently highly significant differences due to protein supplementation nor to energy level. But considering the 11 traits measured on 86 calves in three trials, some traits showed closer association than others with the treatments under investigation.
The effects of protein (nitrogen) supplementation, chiefly cottonseed meal and corn-urea, on birth weight and on certain skeletal traits were large (P<.05) in trials 2 and 4, both conducted with apple pomace. Effects were much smaller, all but one nonsignificant, in trial 3 conducted with corn silage.
Birth weights of calves from dams fed CSM in trial 2 were 28.2 kg; those of calves from dams fed corn-urea were 18.0 kg (P<.06). Corresponding birth weights in trial 4 were 30.3 kg and 25.8 kg, respectively (P<.02). In contrast, corresponding birth weights in trial 3, in which apple pomace was not fed, were 28.2 kg and 26.9 kg, respectively, a statistically nonsignificant difference.
In trials 2 and 4, all linear skeletal measurements except L 1 of calves from cows fed CSM were larger than those of calves from cows fed corn-urea. All traits except W4 and W6 showed differences (P<.IO) due to protein supplementation in one or both trials.
Ossification of the carpals, as estimated by weights of their tracings, was affected by protein supplementation. Tracings from calves of dams fed CSM in trial 4 were 33.4 rag, while those from calves of dams fed corn-urea were 26.2 mg (P<.01), unadjusted for birth weight. In trial 2, corresponding values were 50.8 rng and 33.0 rag, respectively, statistically nonsignificant. In trial 3, the corresponding values were 68.2 mg and 67.6 mg, respectively, also non-significant.
Most skeletal traits were significantly related to birth weight. But adjustment of an observed skeletal difference for the mean difference in birth weight did not always increase its statis- The effects of energy on skeletal traits could be examined only in trials 2 and 3. For most traits, the effects were negligible. Exceptions, all in trial 3, were L2 and L3 of the metacarpus and L4 and W6 of the lumbar vertebrae. The energy comparison in trial 2 with apple pomace was quantitative and apparently without effect on the skeletal traits measured here. In contrast, the energy comparison in trial 3 with corn silage was qualitative; i.e., whether from corn oil or starch.
The effect of pesticides on skeletal development to birth, studied directly only in trial 3, was small or nonexistent for all traits. Accumulation of pesticides in the cows in this series of experiments was reported by Rumsey et al. (1977) . Tanner (1962) and Garnet al. (1960) cited use of x-ray films of the carpals and metacarpals to assess skeletal development in man. The technique appears to have promise in evaluating skeletal development in cattle.
Reports of calves showing skeletal abnormalities with a nutritional origin appear to be few. Shupe (1970) reported a crooked calf syndrome with symptoms of arthrogryposis, kyphoscoliosis, torticollis and cleft palate in calves from cows grazing abundant lupine plants in western United States. In calves in our study only the first of these conditions was evident, and this was widely variable. A few of the stillborn calves showed kyphosis; see lower plate, figure 3. Schoppe and Gardner (1972) reported malformed leg bones in growing rams fed six different diets for 8 months, beginning at 4 months of age. Bent leg bones were not related to treatments. They concluded that hereditary factors were involved.
Widely different results were obtained when apple pomace was fed, especially at low levels, in combination with NPN. In an unrelated study, Woodard (1971a) found similar unexpected interactions due to sex and strain differences in renal calcification of weanling rats fed semipurified diets for 8 weeks. In a subsequent study of the dietary ingredients, Woodard (1971b) reported an interaction between the mineral and nonmineral components that modulated the severity of the disease. Before Woodard could offer final conclusions, he stated that additional information was needed on the effects of dietary interactions on calcium metabolism and renal function. In like fashion, we felt that the metabolic parameters deserved closer examination. Those results have been reported by Oltjen et aL (1977) .
Calves from beef cows fed apple pomace supplemented with NPN during late gestation showed reduced birth weights, increased mortality, and skeletal abnormalities, notably enlarged joints and shortened long bones. The dramatic differences encountered in trial 1 were unexpected. Efforts to further identify and better explain this synergistic effect have not been successful.
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